Soil erosion has become one of the most serious environmental problems all over the world. This is as a result of the fact that a large volume of land area which would have been used for development of infrastructure and residential area is lost in urban areas while large agricultural land is lost in rural environment. Gully erosion removes large volumes of soil from an area. Gully erosion is attracting great interest by scientific communities.
INTRODUCTION
Erosion is the detachment and transportation of soil particles on the earth's surface from one point to the other by erosive agents such as wind and water (Aghayedo 1996) . The two most common types of water erosion are sheet and gully erosion. A less common type of erosion is rill erosion. In sheet erosion, soil is removed in sheet form by the influence of flowing water from a given area on a sloping terrain. In sheet erosion, maximum movement of the soil takes place when the depth of flow equal to the diameter of soil particle. In rill erosion, the erosive effect of flowing water leads to the movement of large amount of soil particles from the sides and bottom of the flow path which are mixed in the flowing water. These surface flows contain soil particles in suspension and form micro channel called rills (Tech report Vol I, flood and erosion profile in Edo state 2010). The last stage of rill erosion is usually classified as gully. Gully erosion is said to take place when excessive surface run-off flowing with high velocity and force detach and carry soil particles down slope. They may also occur when runoff volume from sloppy terrain increases sufficiently or increase in flow velocity as to cut deep holes along its path (Ehiorobo and Izinyon 2011).
Gullies may also develop on traces formed by the movement of machineries down slope.
Poesen et al 2003, defined gully erosion as the erosion process whereby run off water accumulates and also receives in narrow channels and over short periods removes the soil from this narrow area to considerable depths.
Shumun et al (1984) ,Stabulluoglu, Tarboton and Pack (2003) on the other hand defined gullies as unstable eroding channels formed at or close to valley heads, sides and floors. Of recent, gully erosion has attracted great interest by researchers. It is now well known that increase exploitation and exploration of land resources in upper parts of catchments results in increased sediment yield and elevated nutrients loss in run off that reduced water quality and availability to down stream users (Valantin, Poesin and Li 2005). Gully processes are usually the main source of sedimentation (Hum et al 2005) . Gully erosion has for some time been neglected because gully processes are difficult to study and difficult to control. Gullies have three-dimensional nature affected by varied factors and processes including surface hydrology, soils, topography, Land use etc. Many gullies grow initially rapidly to large dimensions (Thomas et Many studies have investigated the susceptibility of soil to inter rill and rill erosion but very few studies exist on the susceptibility of soils to gully erosion. Substantial efforts have been invested in developing soil erosion models resulting in a variety of empirical and more so publicized models, such as the universal soil loss equation USLE, its revised version the RUSLE, the water prediction project WEPP and Coordination of Information on the Environment (CORINE). The prediction of gully development using mathematical model is difficult as the different factors involved in the prediction are not so easy to determine. Soil type and in particular the vertical distribution of the erosion resistance of the various soil horizons largely controls, the size, the depth and cross sectional morphology of the gullies (Poesen et al 2003) . Poesen (1993) found that soil shear strength at saturation of the various losses-derived soils horizon is a good indicator of their resistance against concentrated flow erosion. In Nigeria, high land use pressure particularly in the South East and South South regions render the Landscape more Vulnerable to gully erosion. Land use changes have also caused the development of bank gullies along some river banks.
Gully represent some of the most destructive form of erosion, destroying soil, undermining infrastructure, damaging farm lands, altering transportation corridors and lowering water tables . Gully erosion affects sediment budgets and flux rates, and influences stream dynamics as evidenced from data on hydrograph (Costa and Bacellar, 2007, Perroy et al 2010) . Although gullies are visually striking, their small spatial extent generally renders them undetectable in most generally available topographical maps and low resolution imageries. The use of GPS and Total station data along with high resolution satellite imageries and GIS offers the potential to effectively measure gully volume at the landscape scale. Monitoring and experimental studies of the initiation and development of gullies at various temporal and spatial scales need to be carried out. The critical thresholds for the initiation, development and in filling of gullies in different environments in terms of flow hydraulics, rainfall, topography, soils and land use need to be identified.
Pattern and rates of gully networks development as well as network geometric configuration are highly controlled by soil properties (Bryan 2004) . One of the main causes of rill and gully erosion in Edo State includes road construction with inappropriately terminated drainage network. While damages by surface run off to the road may be limited, off Site effects can be very severe. The road is said to induce a concentration of surface run off with a concentrated diversion of concentrated run off to other catchments and an increase in catchment size which enhances gully development after road construction (Nyssen et al 2002) . Changes in drainage pattern associated with urbanization results in gully particularly where illegal settlements without urban infrastructure exist.
At the moment existing predictive models are unsuitable for use in soil loss assessment from gully erosion as soil loss caused by gully erosion are rarely accounted for by use of these models. As a result of the above it is necessary to carryout monitoring and modeling of gully erosion in order to predict the environmental impacts and take remedial measures.
However, contrary to sheet and rill erosion, where standardized procedures for the assessment of erosion rates exist eg RUSLE, no standard procedures are available for measuring gully erosion rates and controlling factors. In the past, both ground based and airborne techniques have been used to assess gully erosion rates at a time scale. Short term monitoring of gully head or gully wall retreat has been conducted by measuring the change in distance between the edge of the gully head or wall and Bench mark point, installed on the gully walls (Vandekerekhova et al . One of the most common methods in use lately is by integration of GPS, GIS and remote sensing technologies. In the current study GPS was used to establish 3-D controls for each gully site while total station instrument was used to measure the morphological parameters of the gullies. 
THE STUDY AREA

METHODOLOGY
The overall methodology involves the use of Geographic information system GIS, Remote sensing, Global positioning system GPS and Electronic total station in acquiring the necessary data for assessment of soil erosion particularly gully erosion, study the spatial temporal distribution pattern of gully erosion initiation and the effect of land use on gulling erosion.
Desk studies and field measurements
The first phase of this study included acquisition of information and report on erosion in Edo State from the State Ministry of Environment. Thereafter, topographical maps at scale 1: 25000 were acquired from the office of the Surveyor General of the Federation. The position of the major rill and Gully erosion sites were then located and Georeferenced on the ground using Hand held GPS receivers.
Control points were established around each gully site by method of Differential GPS (DGPS) survey. Detailed topographical surveys of the gully sites together with the flood basin were carried out using reflectorless total station instruments. During the topographical survey, the average points density in some areas such as the gully heads, gully edges and terraces were more intensive then in the other parts of the flood basin. The total station data were geo referenced using the DGPS control points. Measurements were collected in six gully sites cross sections along with topographic profile running along the gully channels. The morphological parameters of the gullies including depth, width, length and the area of the gullies were measured. The total station measurements were collected at centimeter-level resolution to capture breaks in slope and other topographic features important for producing accurate DEMS.
Hand auger soil samples were collected both within the catchment basins and on each encroaching layers of the gullies. The samples were taken to the Geotechnical Engineering laboratory for Standard classification and other tests which included particle size distribution, Natural moisture content, specific gravity, Atterberg limits test, compaction, consolidation, permeability, etc. Of these the most important for gully erosion modeling include particles size, moisture content and specific gravity.
DATA PROCESSING AND RESULTS
Spot elevation along with points coordinates of the gullies where obtain from the DGPS and Total station surveys using the in-built software in the total station system with the DGPS derived coordinates as control/ reference points. Based on the computed points coordinates and elevations, the morphology parameters including length, width, depth, and areas of the gullies along with total soil loss were determined. Next, the project coordinates for each erosion site were exported into personal Geo database as shape files in Arc GIS environment.
The shape files created for the elevation data were then added and a Triangulated Irregular Network (TIN) created using the Z coordinates. Digital Elevation Models DEM were then generated by converting the TIN into Raster. Contour lines were generated using the created TIN to interpolate for the contours with the aid of 3D analyst extension. Arc Scene was then used for the visualization of the 3D model generated. From the contours, the slopes were generated as necessary. The pixel size of the DEM was 1m. The morphological parameters for the six gullies are presented in Table I . 
ANALYSIS AND DISCUSSION OF RESULTS
The results of field observation showed that the erosion rates in the selected gullies for detailed studies are intense. If the position of the gully heads can be predicted and if erosion rates of the gullies are measured, measures can be take to protect the areas from further gullying. The areas of the gullies ranged from 11,675 (m 2 ) to127,600(m 2 ), depth ranged from 7.768m to 26.575m, and width from 22.50m to 62.785m. The longest of the gullies studied was Auchi gully with a total length of 2.2km. The Width to depth ratio WDR varied from 1.661 to 4.567. The volume of soil loss varied from 57,901.11(m 3 ) at Ikabigbo gully to 385,113.57 (m 3 ) at Queen Ede gully, in the six gullies studied. Measurement results in December 2010 and September, 2011 showed that the University of Benin gully witnessed a retreat of 66m within the 9 month period. This was found to be as a result of improper channeling of storm runoff from different directions into the gully head along with the unprecedented intensity of rain fall in 2011 which was the highest experienced in the area for the past 30 years. The values of AS 2 considered as an indicator for the gully initiation point ranged between 345 and 3,267. The lower limit conform to poesen et al (1998) range of between 41 and 814(m 2 ) while the upper limit comform to Montgomery and Dietrich (1992) range of between 500 and 4000(m 2 ).
CONCLUSION
In this study, attempt were made to assess gully erosion based on an integration of remote sensing, GIS, GPS with total station technology. Using these technologies, the spatial distribution patterns of gully erosion, the topographical threshold for gully erosion, initiation, and the effect of land use were studied.
The result of the study showed that gully volume has significant relationship with both the gully length and areas and also with the depth and width of the gully. The study established a relationship between the drainage basin area A and the critical slope (S) for entrenchment. Montgomery and Dietrich (1992) proposed that there is a threshold between the contributing area and the critical slope and that the value of AS 2 of 500-4000(m 2 ) was an indicator for determining the gully initiation point slope-Area relationship, and threshold of gully initiation was established.
The results in this study showed that the gullies No 1,2,3,4,5 and 6 satisfied Montgomery and Dietrich (1992) proposal that the values of AS 2 of 500-400 (m 2 ) is an indication for determining the gully initiation point slopeArea relationship while gully No 4 satisfied the (Poesen et al 1998) 
